We argue that isolated gas-rich dwarf galaxies -in particular, dwarf irregular (dIrr) galaxies -do not necessarily undergo significant gas loss. Our aim is to investigate whether the observed properties of isolated, gas-rich dwarf galaxies, not affected by external environmental processes, can be reproduced by self-consistent chemo-photometric infall models with continuous star formation histories and no mass or metals loss. The model is characterized by the total mass of primordial gas available to the object, its characteristic collapse timescale, and a constant star formation efficiency. A grid of 144 such models has been computed by varying these parameters, and their predictions (elemental abundances, stellar and gas masses, photometric colours) have been compared with a set of observations of dIrr galaxies obtained from the literature. It is found that the models with moderate to low efficiency are able to reproduce most of the observational data, including the relative abundances of nitrogen and oxygen.
INTRODUCTION
According to the hierarchical model of structure formation, the first objects to form in the universe are the smallest galaxies, and these systems act as the building blocks of larger structures. Dwarf galaxies, defined by their low luminosities (absolute magnitude larger than -18) and small sizes (diameter < 10 kpc), play a very important role in such a bottom-up scenario, and their study is absolutely essential in order to understand galaxy formation and evolution at all scales and epochs. Present-day dwarf galaxies can be broadly classified into gas-rich and gas-poor objects. Gas-poor dwarf galaxies, such as dwarf ellipticals (dE) and spheroidals (dSph), are usually found in crowded environments, while gas-rich galaxies, like dwarf irregulars (dIrr) and blue compact dwarfs (BCD) seem to prefer low-density environments, mostly in the field but sometimes even in the outer parts of galaxy groups and clusters. It has been argued that the formation of all dwarf galaxies should be similar, and the differences between gas-rich and gas-poor dwarf galaxies arise only during their evolution, but the observational evidence is far from being conclusive (see e.g. Skillman & Bender 1995, and references therein) . If true, a mechanism like rampressure stripping (Kenney & Young 1989; Cayatte et al. 1994; De Rijcke et al. 2010 ) for the gas-poor galaxies, or gas accretion during the life of the galaxy (Lacey & Fall 1985 Kampakoglou et al. 2008 ) for the gas-rich ones, must be invoked in order to explain why low-mass objects have less gas in dense and hot environments than in the field. Besides that, recent observations (e.g. Dunn 2010 ) indicate that dEs/dSph and dIrr constitute two structurally distinct populations.
In this work we focus our attention on the evolution of isolated gas-rich dwarf galaxies, not affected by external environmental processes. One of the agents that may regulate the star formation history of these objects is the presence of strong galactic winds. If they have a low mass and a high star formation rate (SFR), the energy injected by supernova explosions may be able to eject some fraction of their gas into the intergalactic medium (Dekel & Silk 1986 ). The existence of such an outflow would be critical for the evolution of dwarf galaxies, and it has produced a lot of work in the last decades. In particular, it is still debated whether (or to what extent) dwarf galaxies are able to retain their gas in spite of their shallow potential wells, as well as the possible links between galactic winds and the physical properties of the different dwarf galaxy types. Skillman (1997) made a clear review of the arguments for and against galactic winds dominating the evolution of dIrr galaxies. Favouring the idea of moderate winds, gas flows with high velocities have been observed in several objects, like NGC 1569. However, a search for ionized hydrogen in the outer parts of 51 dwarf galaxies by Hunter et al. (1993) yielded only 2 positive results. More recent works by van Eymeren et al. (2007 van Eymeren et al. ( , 2009a van Eymeren et al. ( ,b, 2010 have detected outflows with velocities in the range 20 − 60 km s −1 in several dwarf galaxies. These values suggest expanding superbubbles, but they are not sufficient to allow the gas to escape from the gravitational potential well.
From a chemical evolution point of view, the low oxygen abundances found in many dIrr do not seem to be well reproduced by the simple closed-box model (SCBM). A possible solution to this problem would be to invoke the presence of enriched galactic winds, ejecting part of the metals produced during the early star formation episodes. However, if one assumes that a large fraction of the oxygen produced in the first stages blows out of the galaxy, the observed values of the C/O relative abundances cannot be explained (Carigi et al. 1995) .
The situation with the N/O ratio is even more critical; according to Larsen et al. (2001) , selective winds do not give a good fit to N/O, while closed models and models with non-selective winds -with or without inflow -are all found to be viable. On the other hand, other authors (Recchi et al. 2001; Chiappini et al. 2003; Lanfranchi & Matteucci 2003; Romano et al. 2006; Yin et al. 2011 ) argue that models with strong and/or enriched winds are able to reproduce all the available observational constraints.
It is important to remark that most of the studies that suggest the existence of galactic winds (e.g. Meurer et al. 1992; Papaderos et al. 1994; Marlowe et al. 1995) are based on observations of bursting galaxies. While this is often the case in BCDs (and, in fact, several authors include a minimum equivalent width of the Hα emission line among the selection criteria), dIrr, which constitute the vast majority of dwarf galaxies, display much more moderate star formation rates (see the corresponding column in Table 3 ). Roughly speaking, we identify the bursting and quiet populations with BCD and dIrr, respectively. Of course, real galaxies will probably form a continuum between these two extremes, but it is our aim to show that current observational data of dIrr galaxies are consistent with a scenario where most of these objects form relatively quietly and never develop any significant outflow. Such a scenario would also be consistent with the number statistics of starbursts in the local Universe: according to Lee et al. (2009) , only six percent of the local dwarf galaxies are currently undergoing a starburst phase, and the fraction of stars formed in that mode is of the order of 25 per cent.
According to many theoretical studies (Mac Low & Ferrara 1999; D'Ercole & Brighenti 1999; Recchi et al. 2001; Fragile et al. 2004 ) galactic winds do not expel a significant fraction of gas. The outflows occur in a direction normal to the disk of the galaxy, along which the pressure gradient is steeper, and there is little horizontal transport. The ejection efficiencies of the metals synthsized by Type II supernovae (e.g. oxygen) can be quite high, since they can be easily channeled out of the galaxy, but the ejection efficiency of pre-existing gas would generally be very low. Elements produced in low-and intermediate-mass stars, such as nitrogen and carbon, could still be channelled along the tunnel carved by Type II supernovae, although it is unclear whether the winds of planetary nebulae would be strong enough to overcome the gravitational potencial dominated by the dark matter halo. In the case of long-lasting star formation, the required energy could be provided by SN explosions. Theoretical efforts made in order to assess the relevance of galactic winds can be divided into two main groups: one approach, mostly based on hydrodynamical simulations (e.g. Mac Low & Ferrara 1999; , focuses on the energy requirements for developing efficient galactic outflows, while the other is more concerned with chemical evolution and is often based on the analysis of purely chemical ( Unfortunately, it is very difficult to join these two approaches in a self-consistent way, although some efforts are being made in this direction. In the last years, numerical techniques have drastically improved, and one may follow the full dynamics of the galaxy by solving the Euler equation, including also a chemical evolution scheme (e.g. Recchi et al. 2001; Martínez-Serrano et al. 2008; Valcke et al. 2008; Revaz et al. 2009; Sawala et al. 2010) . In general, these numerical simulations focus on the hierarchical assembly of the galaxy and the cooling of the intergalactic gas. Important physical processes, such as the formation of molecular clouds, the presence of magnetic fields, cosmic rays, small-scale turbulence, as well as the effects of the ionizing and dissociating radiation from the stars, are usually not taken into account. Therefore these studies favour very strong winds, with star formation histories characterized by repeated cycles of bursts and periods of moderate star formation activity (e.g. Stinson et al. 2007 ). Available observations in the dwarf galaxies of the Local Group and in some other nearby dwarf galaxies -see for instance the review of Tolstoy et al. (2009) , or the recent results of the LCID project -seem to support this 'breathing' star formation scenario.
Here we explore the possibility that some unidentified physical process (e.g. photodissociation) lowers the efficiency of star formation without driving the gas out of the galaxy, in agreement with the most recent observations (see Bomans et al. 2007; van Eymeren et al. 2007 van Eymeren et al. , 2009a van Eymeren et al. ,b, 2010 as well as several theoretical studies (e.g. Legrand et al. 2001; Tassis et al. 2008 ). More detailed modelling (ideally, an ab-initio cosmological simulation) would be required in order to pinpoint the specific process(es) that are actually responsible for regulating the star formation efficiency.
More precisely, our aim is to investigate whether the observed properties of isolated, gas-rich dwarf galaxies, not affected by external environmental processes, can be reproduced by selfconsistent chemo-photometric infall models with continuous star formation histories and no mass loss. In particular, we study in detail the composition of the gaseous phase, the abundance ratios of different chemical elements, and their relation with other properties, such as gas fractions and photometric colours. In other words, we address the question of whether/when the presence of strong galactic outflows is necessary in order to simultaneously reproduce an updated set of photometric and chemical data (among which we would like to highlight the N/O ratio; see e.g. Larsen et al. 2001; Mollá et al. 2006 ).
Our models are described in Section 2, and Section 3 is devoted to the comparison of their predictions with a compilation of observational data selected from the literature. A succinct summary of our main conclusions is provided in Section 4.
THEORETICAL MODELS
The basic tenet of our model is that dwarf irregular galaxies are forming continuously throughout their lifetime, in the sense that infall of primordial gas into the galaxy and star formation at some level are taking place at all times. For disk galaxies, this idea was proposed a long time ago: since the contribution of Larson (1972) and Lynden-Bell (1975) , there have been many authors that worked on this scenario to explain the G-dwarf problem and the abundance gradients seen in our Galaxy. This is the case of the chemical evolution model designed by Ferrini et al. (1992) , later updated by Mollá & Díaz (2005) , that we have adapted for dwarf galaxies in the present work.
The main features of the model are: 1) The galaxy is modelled as one single region. 2) There is a continuous infall of primordial gas from the surrounding medium into the galaxy. 3) There are no winds or outflows that remove gas from the galaxy. 4) The star formation process is regulated by the amount of gas available at each moment. In the present work, the system is modelled as an isolated, single region, without any substructure. While this is obviously insufficient to describe any property that is related to spatial distribution, it certainly suffices to investigate the integrated properties (e.g. Yin et al. 2011) . The model starts from a primordial region of the universe (protogalaxy) that slowly collapses onto the central part (galaxy). The infall rate is set by the characteristic collapse time τ, which is a free parameter of the model 1 . Within the galaxy, molecular clouds are formed with an efficiency ǫ µ , and a proportion of them transforms into stars according to an efficiency parameter ǫ h . Five different phases of matter are considered: diffuse gas, molecular gas, massive stars, low and intermediate mass stars and remnants. The distinction between massive and intermediate mass stars is due to nucleosynthesis prescriptions.
The model equations, defined in Ferrini et al. (1994) , are
where
• s 1 = Stellar mass (stars more massive than 8 M ⊙ )
• s 2 = Stellar mass (stars less massive than 8 M ⊙ )
• r = Mass in stellar remnants • g = Gas mass in the galaxy • g ext = Gas mass in the external reservoir • c = Mass in molecular clouds (i) Gas accretion from the protogalaxy:
(ii) Cloud formation from diffuse gas: µg n , with n = 1.5 (iii) Star formation due to cloud collisions: H 1,2 c 2 (iv) Diffuse gas restitution due to cloud collisions: H ′ c 2 (v) Induced star formation due to the interaction between clouds and massive stars: a 1,2 cs 2 Although the number of parameters seems to be large, actually not all of them are free. For example, H 1,2 and a 1,2 are estimated by the equation
while the efficiencies result from the combination of the probability of cloud formation, ǫ µ , and cloud collision, ǫ H (see Mollá & Díaz 2005 , for further details). Thus, the number of free parameters is reduced to three: τ, ǫ µ and ǫ H . It is important to stress that the SFR is not an input of the model, but a result of the efficiencies selected and the amount of gas available. The higher the efficiencies, the higher the SFR will be, until the gas reservoir in the protogalaxy is completely exhausted. The ensuing star formation histories are smooth and continuous, but not constant. The SFR will have different values through time, although sudden variations (i.e. bursts) never occur in our models.
We have constructed a grid of models with different values of the total mass, collapse time, and star formation efficiencies. The dynamical masses and the galaxy radii are selected extrapolating Mollá & Díaz (2005) models toward lower masses. We have selected total protogalaxy masses between 10 7 and 5 × 10 9 M ⊙ (actual values are quoted in Table 1 ). For each value, different models have been run with collapse times equal to 8, 20, 40 and 60 Gyr, eliminating the link between this parameter and the total mass of the galaxy existing in Mollá & Díaz (2005) models, since for this mass range that relation produces unrealistically long collapse times scales. This will have a small effect on the star formation rate through the slightly different densities of the galaxies, but the dominant factor that determines the SFR is the chosen efficiency. In order to reduce the number of free parameters, the efficiencies in forming clouds and stars have been grouped together, and we con-sider six different sets, from "very low" to "very high" values (see Table 2 ) in the range [0,1]. "Very low" and "very high" efficiencies correspond to Mollá & Díaz (2005) N=10 and N=1 models, while the other values are interpolated between them. In total, our grid is composed of 144 models, corresponding to 6 values of the total mass, 4 different collapse times, and 6 star formation efficiencies.
We build the spectral energy distribution (SED) of each model galaxy by convolving the SEDs of individual single stellar populations (SSP) with the predicted star formation and chemical enrichment history of the object. Luminosities in different photometric bands are then computed by applying the appropriate filters to the galaxy SED (Girardi et al. 2004) . A single stellar population is composed of stars of different masses, according to a certain IMF, that are formed in a short period of time, so they can be considered to have the same age and metallicity.
In our case, their spectral energy distributions have been obtained from the models by Mollá et al. (2009) , based on the updated isochrones from Bressan et al. (1998) for 6 different metallicities: Z = 0.0001, 0.0004, 0.004, 0.008, 0.02 and 0.05. The age coverage is from log t = 5.00 to 10.30 with a variable time resolution, reaching ∆(log t) = 0.01 in the youngest stellar ages. SEDs are calculated in that work for six different IMFs including the one from Ferrini et al. (1990) which is the one used in our chemical evolution code. Therefore, self-consistency is enforced in the sense that the same basic ingredients (IMF, stellar compositions and mean lifetimes, etc...) are used to compute the chemical evolution of the galaxy and its photometric properties. 2
Star formation histories
Let us first of all discuss the qualitative behaviour of our models and the effect of the different parameters in the context of the gas content and star formation history of the model galaxies.
In our scenario, primordial gas is continuously falling into the galaxy at a rate inversely proportional to the collapse time; for any given protogalaxy mass, longer collapse times lead to smaller total (gas+stars) masses at the present time, independent of the SFR. On the other hand, the fraction of gas converted into stars depends both on the infall time scale and the star formation efficiency. As an example, the evolution of the highest-mass (M6) galaxy is shown in Figure 1 in four extreme cases: panels a) and b) correspond to the lowest star-formation efficiency values, while the results obtained for the highest efficiencies are plotted in panels c) and d). Looking at the figure by columns, left panels represent the cases with the shortest collapse time, while the longest ones can be seen on the right panels. In all cases, black lines indicate the evolution of the total galaxy mass, which depends only on the collapse time. Blue and green lines indicate the contribution of gas and stars, respectively.
In the models with minimum efficiency, the gas is the most massive component of the galaxy, and the contribution of the stellar component is so small that the total mass and the gas mass are almost the same. In the opposite case, when efficiencies are high (bottom panels), most of the galaxy mass is in stellar form, and the black and green lines overlap. The evolution of the gas content is different in both extreme cases. If the efficiency is low, the gas mass increases monotonically, which means that the gas infall rate is always greater than its depletion due to star formation. On the other hand, if the efficiency is high, the gas may be consumed faster than it falls, so its mass reaches a maximum at a certain moment and then becomes a decreasing function of time.
Unlike other evolution models, where the star formation history of the galaxy is considered as an input function, in our model the SFR is related to the available gas mass through the values of the efficiency parameters. The star formation histories for the extreme models considered in the present work are shown in Figure 2 . Each panel represents one mass and one collapse time value, while different lines correspond to different efficiencies, from the highest value (in red) to the lowest (in violet). Looking at the figure by columns, it is clear that, apart from the overall normalization, the total mass does not affect the shape of the star formation history, whose shape is almost entirely determined by the combination of the collapse time scale and the star formation efficiency.
Indeed, the main point of this plot is to show that models with high efficiency reach their maximum SFR early, and then, depending on the infall rate, the star formation rate may stay approximately constant, reaching a steady state, or decline as a consequence of the depletion of the gas reservoir. In contrast, models with low efficiency always have enough gas to form stars. Their SFR is always increasing, and thus it becomes maximum at the present time. Nevertheless, it is important to remark that, even in the models with the highest efficiency, the maximum SFR is quite small compared with the values that can be reached in a typical starburst galaxy.
COMPARISON TO OBSERVATIONAL DATA
We will compare the model predictions with a sample of isolated dIrr galaxies obtained from the literature (mainly van Zee 2000; Garnett 2002; Lee et al. 2003) . van Zee (2000) selected 58 latetype, gas-rich, isolated objects with M B > −18 from the UGC. Gas abundances, photometry and star formation rate of these systems are available from this and subsequent works (van Zee 2001; van . Garnett (2002) compiled a sample of isolated spiral and irregular galaxies. For the objects that were not originally observed by the author (for instance, those in common with the van Zee sample), we have consulted the original sources on a case-by-case basis. Lee et al. (2003) extracted all the galaxies with well-defined distances and oxygen abundances (directly measured from the [OIII]λ4363 line) from the compilation of Richer & McCall (1995) . They also looked for new and updated data in the literature and observed five new objects with enough exposure time for the [OIII]λ4363 line to be measured.
Our final sample contains 61 dIrr galaxies. Their main properties are listed in Table 3 , and bibliographic references are provided in Table 4 . We have ensured consistency between distances and derived HI and stellar masses. The latter have been estimated from Popstar population synthesis models (Mollá et al. 2009 ) whit the same IMF than that used in our models.
In order to illustrate the general trend, we have added a representative sample of galaxies from the Sloan Digital Sky Survey (SDSS DR9, Ahn et al. 2012) with HI data from ALFALFA (Haynes et al. 2011) . 
Chemical abundances
Due to galactic evolution, there should exist a relation between the metallicity and the amount of mass in stars and gas. If the system is dominated by gas, one can expect that the metallicity should be very low, because there have not been enough stars to enrich the interstellar medium. In contrast, if the stellar fraction is high, the metallicity should also be high. In a scenario with instantaneous recycling, metallicity-independent yields, and no mass exchange, usually called the simple closed-box model (SCBM), the relation between metallicity and gas fraction is approximated when Z ≪ 1 by
where Z is the metallicity, usually expressed in terms of the abundance of a primary element such as oxygen, y is the corresponding net stellar yield, and
is the gas fraction, defined as the ratio between the gas and the total baryonic mass
where M HI is the neutral hydrogen mass, measured from the flux of the 21 cm line, with the factor 1.34 accounting for the presence of helium, and the mass in other (e.g. molecular or ionized) hydrogen phases is not included because CO is not observationally detected in most of these objects. Historically, the discrepancy between the observed relation between metallicity and gas fraction with respect to the predictions of the SCBM has been one of the most important arguments for the need for galactic winds in dwarf galaxies (see e.g. Peimbert & Serrano 1982 , and references therein). More specifically, different wind efficiencies are advocated as the most natural explanation for the scatter in the Z − µ relation (Matteucci & Chiosi 1983 ) (see however Appendix A). Figure 3 shows the gas metallicity, in terms of 12+log(O/H), versus the baryonic gas fraction µ for the objects in Table 3 . The results of our model grid are represented by points with different sizes, colours, and shapes, that encode the different values of the model parameters. In general, models with low star formation efficiencies provide a good match to the observational data, especially if we take into account that the errors in the stellar and gas masses may be quite large.
One can readily see that observational data may be reproduced by using the naive prediction of the SCBM, equation (9), as a fitting function in terms of an effective oxygen yield. The black solid line corresponds to y eff = 0.006, close to the true oxygen yield (within a factor of 2 uncertainty, see Pagel 2009 , page 239). Our models follow a similar trend, somewhat shifted to the right, corresponding to a slightly lower effective yield, and they follow a tight sequence on the Z − µ plane, regardless of the precise values of the infall timescale or the star formation efficiency.
According to Figure 3 , current data seem to indicate that our infall scenario may accommodate the observed Z − µ relation. This, of course, does not mean that the infall of primordial gas is the only possible explanation. It is important, though, that the baryonic gas fraction µ -rather than µ dyn -is considered, and that the theoretical models (including infall, outflow, or both) are able to reproduce not only the average Z − µ relation, but also its low intrinsic scatter (contrary to the large dispersion obtained when µ dyn is used; see Appendix A). Figure 3 . Gas fraction-metallicity relation. Symbol size represents galaxy mass, colours (violet, dark blue, light green, yellow, orange, and red) indicate increasing star formation efficiency (Table 2) , and shapes (circles, pentagons, squares, and triangles) refer to infall times (8, 20, 40 and 60 Gyr, respectively) . Colour shading has been used to highlight models compatible with dIrr data (see discussion in 3.2). A SCBM with y eff = 0.006 is plotted as a solid line, and stars with error bars correspond to the observations listed in Table 3 . Small grey dots correspond to SDSS+ALFALFA data. The relation between N/O and oxygen abundance is illustrated in Figure 4 , where colour symbols correspond to the present-time abundances for our models. As pointed out by Mollá et al. (2006) , any galaxy that is allowed to evolve for more than one Gyr (shown by small black circles) will end up in a very narrow locus on the N/O -O/H plane. The exact location along this sequence will be set by the model parameters (mainly the collapse time and the star formation efficiency). In this scenario, all galaxies should follow Table 3 , and small dots correspond to SDSS+ALFALFA data. Estimated error bars are shown in the upper right corner of the figure. Solid star illustrates the chemical abundances measured in the Orion nebula (Esteban et al. 2009 ). a well-defined N/O relation, which is a robust prediction of our models, unless their chemical abundances are dominated by a very young stellar population.
In general, the observational data from our compilation of dIrr galaxies (Table 3) , represented by stars with error bars, are braoadly consistent with model predictions, albeit with a large scatter. These data constitute the low mass and metallicity end of a sequence that becomes more evident when the objects from the SDSS+ALFALFA sample are added. The sequence defined by the data seems to lie below and/or to the right of the predicted one. Possible causes for this offset could be found in combinations of IMF and stellar nucleosynthesis different from those assumed in our models. We have explored correlations with the star formation activity (SFR, SSFR, gas consumption timescale), but we have not found any obvious systematic trend.
On the other hand, galaxies with high N/O and low oxygen abundance may be explained either by nitrogen enrichment (due to e.g. Wolf-Rayet stars) or by the effect of selective galactic winds. In the first case, Wolf-Rayet stars lose their envelope during the early phases of their evolution (ages < 3 Myr), altering the pattern of CNO abundances in the stellar cluster where they reside, and the nitrogen yield may increase up to an order of magnitude with respect to the value produced by normal supernova explosions (Mollá & Terlevich 2012) . In the second case, oxygen is depleted by the galactic wind. When low-mass stars die, they find an oxygenpoor ISM, and thus the ratio N/O would be large. Under this scenario, the (few) objects located in the upper-left area of the plot, well above the predicted N/O relation, would be good candidates to be studied with evolutionary models including enriched winds (Pérez-Montero & Díaz 2003).
In any case, there is substantial scatter, specially at low metallicities. The spread of the observed points in the N/O -O/H plane has been previously discussed on the basis of different SFR in different galaxies (Pilyugin 1992 (Pilyugin , 1993 , stochastic IMF sampling (Carigi & Hernandez 2008) , episodic gas infall (Köppen & Hensler 2005) and inhomogeneus chemical evolution (Karlsson 2005; Cescutti 2008 ). We would like to point out, however, that the observed scatter is not totally inconsistent with the error bars.
Photometry
The relations between luminosity, total mass, and metallicity provide important clues about the evolution of dwarf galaxies. For instance, it has long been known (Lequeux et al. 1979 ) that the highest-mass galaxies have the highest metallicities, suggesting that they are old and/or have been efficient in forming stars. Figure 5 shows the gas mass and oxygen abundance as a function of stellar luminosity. For an easier comparison, the vertical axis of the top panel has been inverted, so that the upper area of both panels corresponds to high-efficiency models.
In the top panel of the figure, the effects of mass and efficiency appear neatly separated. For a given efficiency, model galaxies with a higher mass in stars are brighter in the B band and show an almost constant gas mass-to-light ratio. Objects that have been more efficient in forming stars, and hence have much less gas remaining for a given amount of stars, occupy the top of the plot. In other words, the B magnitude roughly measures the stellar mass, while the gas mass-to-luminosity ratio measures the star formation efficiency. It can be seen that, while the observational data cover a broad range in luminosity (M B between -12 and -20) , they cover only a restricted range in star formation efficiency, from low to moderate values.
The bottom panel shows the relation between luminosity and gas oxygen abundance. In agreement with previous studies, our compilation of observational data displays a good correlation between metallicity and luminosity. Some of the observational relations quoted in the literature have been over-plotted. Models with recent star formation (low and very low efficiency) are located below the observed Z/L relation, while those above it correspond to galaxies with higher star formation in the past, older stellar populations, and high oxygen abundances (see Figure 2) . The dispersion at a given B luminosity can be understood as due to the different star formation histories of the galaxies.
In addition, the N/O ratio is represented in Fig. 6 as a function of B-V colour. Both models and data show a well-defined trend, in the sense that higher N/O values correspond to redder galaxies, as already pointed out by .
Physically, the relation between metallicity and mass (or luminosity) can be explained in three possible ways: 1) Low-mass, low-metallicity galaxies are younger (i.e. they started forming stars more recently) than more massive and metal-rich systems. 2) Dwarf galaxies are as old as the bigger ones, but they form less stars for the same amount of gas at all times (i.e. the lower the galaxy mass, the lower the star formation efficiency). 3) If the same amount of stars are formed per unit gas mass, independent of total galaxy mass, enriched galactic winds may decrease the metallicity in dwarf galaxies while maintaining a gas fraction compatible with observations.
In our scenario, all galaxies form stars throughout their whole lives, and there are no outflows from the system. Therefore, both the mass/luminosity-metallicty relation and the sequence in the N/O-(B-V) plane must arise from differences in the collapse time and/or the star formation efficiency. The observational data in Figures 5 Figure 5 . Top panel: gas mass-luminosity relation. Colours and symbols have the same meaning as in previous figures. In particular, colour shading has been used to highlight models compatible with dIrr data (see text). Note that the vertical axis is inverded for easier comparison with bottom panel. Bottom panel: Relation between luminosity and gas oxygen abundance. Lines are form Skillman et al. (1989, Ski89) and Lee et al. (2003, Lee03) , derived for dIrr galaxies, as well as Tremonti et al. (2004, Tre04) and Lamareille et al. (2004, Lam04) , for field galaxies. The dotted line corresponds to the best fit for the data in Table 3. and 6 can be reproduced by our models assuming appropriate values of these parameters, which are highly degenerate.
As in previous figures, we have shaded in a lighter colour those models whose predictions are outside the range encompased by our present dataset (i.e. those found by visual inspection to be unable to reproduce the M B − M(HI) or mass-metallicity relations). As it can be readily seen, successful models feature low to moderate star formation efficiencies. Moreover, there is some evidence for 'downsizing', suggesting that more luminous galaxies formed a larger fraction of their stars in the past (i.e. shorter collapse timescale and/or higher star formation efficiency), in agreement with previous analyses of the M-Z relation (e.g. Brooks et al. 2007; Calura et al. 2009 ).
We address the question of whether higher-mass galaxies form their stars more efficiently in Figure 7 , where the gas consumption timescale Star formation efficiency (in terms of gas consumption timescale) as a function of B magnitude. Open squares represent the median values of SDSS+ALFALFA data, grouped in bins of 500 galaxies, while the filled square corresponds to the median values for galaxies in Table 3 . Other colours and symbols have the same meaning as in previous figures.
is represented as a function of M B . Observational data do indeed show a weak trend of increasing efficiency (lower τ gas ) towards brighter objects. To make this trend more evident, we have sorted the SDSS+ALFALFA data in order of increasing luminosity and divided the sample in uniform bins containing 500 galaxies each, starting at M B = −17 to avoid selection effects. For each bin, we have computed the median mass and gas consumption timescale and show them as open squares (error bars mark the first and third quartiles). The median values for all the dIrr in Table 3 have been plotted as a solid square. Once again, the observations are best described by models with low and moderate efficiencies.
CONCLUSIONS
We have investigated a self-consistent kind of models of the formation and evolution of gas-rich dwarf galaxies that considers infall of primordial, external gas, but does not include any outflow or galactic wind. A grid of chemical evolution and spectrophotometric models has been developed with different efficiencies, infall timescales, and total masses. The star formation rate is continuous and smooth, and it is related to the gas content by means of an efficiency parameter. In this scenario, gas accretion and cooling up to the atomic phase are assumed to take place in a characteristic time τ, whereas molecular clouds and stars form according to an overall efficiency ǫ. The precise values of τ and ǫ are set by very complex, yet to be determined, physics, and we treat them as free parameters that may vary from one galaxy to another. These models are intended to represent field dwarf galaxies with recent star formation but not bursting (i.e. dIrr galaxies), and their predictions have been compared with a selection of suitable observations compiled from the literature. As a result of this comparison, it has been found that:
(i) The infall scenario -formation by continuous accretion of primordial gas -is able to reproduce the gas fractions, chemical abundances, and photometric properties observed in most galaxies in our sample, without resorting to either galactic winds or selective mass loss. We thus conclude that gas-rich dwarf galaxies with moderate to low star formation rates, without bursts, may be able to retain the vast majority of their gas and metals.
(ii) More specifically, the predicted ratio between gas and stars, as well as its relation with galaxy metallicity, are in fair agreement with the values observed in most systems.
(iii) The relative abundances of nitrogen and oxygen are particularly interesting. Our models predict tight relations in the N/O -O/H and N/O -(B-V) planes, in rough agreement with observations (albeit the latter showing a large spread). The objects that show higher N/O than predicted by the models may be good candidates for selective gas loss due to enriched galactic winds. Alternatively, they may host Wolf-Rayet stars, which lose mass by stellar winds and pollute the ISM with nitrogen.
(iv) Combining the relations between gas mass, nitrogen and oxygen abundances, B-band luminosity and B-V colour, we conclude that smaller galaxies must form fewer stars per unit gas mass than larger systems. Models with very low or high efficiency do not match any object in our sample.
The fact that low-mass galaxies are less efficient in forming stars may be interpreted in terms of a more important impact of supernova feedback. However, other alternative explanations are possible: here, we suggest a scenario where SN explosions and/or other mechanisms lowers the efficiency of star formation in low-mass objects, but they do not drive the gas out of the galaxy. Our results show that this scenario is indeed compatible with the available data, reinforcing the conclusions reached by Tassis et al. (2008) that "the star formation law governing the conversion of cold gas into stars, rather than SN-driven outflows, is the dominant factor in shaping properties of faint galaxies". Nevertheless, it is important to remark that, even in the models with the highest efficiency, the maximum SFR is quite small compared with the values that can be reached in a burst. In this sense, all our galaxies could be considered as relatively quiescent.
Our conclusions do not depend on the exact physical process (e.g. injection of thermal energy, linear momentum, angular momentum, non-thermal pressure, photoionization) nor the agent (stars, AGN, magnetic fields...) that is advocated to regulate star formation in any particular model. This is especially relevant in the context of numerical simulations, where supernova feedback is quite often the main mechanism that sets the star formation efficiency in dwarf galaxies. If the contribution of other processes were not negligible (which arguably seems quite likely), the amount of supernova feedback would be overestimated. This is, in fact, a good example of why a very simple, very general model is useful: if the main mechanism that is responsible for regulating the accretion of gas (or the formation of molecular clouds, or the formation of stars) is, say, the magnetic pressure or the microscopic gas turbulence, the required amount of supernova feedback would be much smaller (and winds would be much weaker) than predicted by many 'firstpriciples' models.
Nevertheless, we would like to finish this article with a word of caution. According to our models, dwarf galaxies that convert their gas into stars efficiently, if they exist, would have exhausted most of their gas quickly. Therefore, they would display faint luminosities and red colours, and they would have never been included into the data body. Whether such objects may bear a relation with gas-poor dwarf galaxy types, like dE or dSph, will be investigated in a future work.
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For the sake of comparison, the model results are now plotted for the extreme cases M dm = 0 and M dm = 5 (M gas + M stars ).
